Introduction
The Millennium Ecosystem Assessment (MA) gave the world several important insights into the inter-dependence of human society and the natural environment. Besides synthesizing expert assessments of the state of human influence on the environment, it also provided new ways of conceptualizing human -environment interactions. By integrating the concepts of ecosystem services and human well-being, the MA helped to clarify the multiple ways that people depend on the environment. Sub-global assessments, such as the one conducted for Southern Africa, showed how the MA concepts can be applied in empirical studies at multiple spatial scales ( Van Jaarsveld et al. 2005) . A simple result of the assessment is that there are both tradeoffs and synergies between provisioning, regulating, support and cultural ecosystem services.
This paper reports the results of a study of ecosystem services tradeoffs in two river basins of the Lake Victoria basin in East Africa. The river basins are the Nyando and Yala, both of which drain into Lake Victoria from the Kenyan portion of the lake basin. Although the two basins are of similar size, and have their headwaters in the same range of forested hills, they have distinct biophysical and socio-economic characteristics. The outputs from this study have multiple uses, including decentralized planning and policy implementation in the agricultural, environment and water sectors. The outputs are also contributing to an evaluation of the potential for using payments for environmental services to harmonize the goals of the multi-lateral environmental agreements and the Millennium Development Goals.
Lake Victoria basin
Lake Victoria, the world's second largest freshwater lake, is located in the upper reaches of Africa's Nile River system. Lake Victoria has a surface area of about 68,800 square kilometers and an adjoining land basin area of about 184,000 square kilometers. The lake basin is comprised of 11 river basins and a lake-edge area that drains directly into the lake. The largest river basin by far is the Kagera, which drains parts of Rwanda, Burundi, Tanzania and Uganda. The next largest basins are the Mara (Kenya and Tanzania), Gurumeti (Tanzania) and Nzoia (Kenya) (Awiti and Walsh 2000) .
The basin ecosystem is crucial for the 25-30 million residents of Kenya, Uganda, Tanzania, Rwanda and Burundi who live in the lake basin and for the larger downstream
Nile river system. Human population density in the basin is about 170 persons per square kilometer and the population is growing at a rate of about 3 percent per annum (UNEP 2006) . The population mainly depends on extensive rainfed agriculture for domestic and commercial purposes. In addition, the Lake provides hydroelectricity power and inland water transport and supports many different industries such as trade, tourism, wildlife and fisheries. Poverty levels are high across the basin. The InterAcademy Council (2004) has deemed the area one of Africa's most severe hunger hotspots.
Ecosystem management in the Lake Victoria basin has been highly extractive for most of the last 70 years, with the 1990s a period of declines in food production, economic contraction, rising poverty, increased burden of human disease (especially malaria and HIV / AIDS), and increased floods (see Verschuren et al. 2002 ; World Agroforestry Centre 2006; Swallow et al. 2007 ). Lake Victoria itself is becoming eutrophic as high levels of phosphorus and nitrogen have been deposited in the lake from the atmosphere, the surrounding catchment and from municipal centres (Scheren et al. 2000) . Severe erosion in parts of the catchment has increased sediment deposition in waterways and in the lake. An invasion of water hyacinth was particularly severe in the late 1990s, affecting fisheries, municipal water supply systems, and transport. From a digital elevation model and GIS data on the stream network, we estimate that the Nyando river basin covers 3,587 km 2 while the Yala river basin covers 3,111 km 2 . Both basins vary in altitude from about 3,000 meters above sea level at their headwaters to 1,184 meters above sea level where they drain into Lake Victoria. Climate in both basins varies with altitude, with increasing rainfall and decreasing temperatures with increasing elevation. Mean annual rainfall in the Nyando basin varies from about 1,000 mm near Lake Victoria to about 1,600 mm in the highlands. In the Yala basin, average annual rainfall is about 850 mm in the large flat area near Lake Victoria and up to 2,000 mm in the highlands.
Nyando and Yala river basins
The potential natural vegetation in the Nyando basin varies from acacia bushland in the lower basin, moist Combretum-Terminalia savanna in the mid-altitude area, and moist montane forest in the higher elevation areas. The potential natural vegetation in the Yala basin includes mixtures of broadleaf savanna and evergreen bushland in the lower basin, moist intermediate forest in the mid-altitude areas, and dry montane forest in the higher elevation areas (Kindt et al. 2005 ). At present, however, most land in the two basins has been converted into crop production, with small patches of bushland, forest and wetland remaining (World Resources Institute et al. 2007 ). The Nyando basin has a small area of intact natural forest in the headwaters area and a very small wetland at its outlet into Lake Victoria. The forest and wetland ecosystems of the Yala basin are considerably more intact. The Yala swamp is a large wetland area that separates the Yala river system from Lake Victoria. It is Kenya's largest freshwater wetland. As of the year 2000, the Yala swamp was degraded but still quite large (175 square kilometers), providing significant buffering of sediment and water flows between the river system and Lake Victoria. The Yala swamp is being degraded through a number of pressures, including expansion of farming, grazing, macrophyte harvesting, and catchment degradation (Thenya et al. 2006) . Between 2005 and 2007, approximately half of the Yala swamp (69 square kilometers) was converted to commercial rice production (Kinaro 2008) . Besides a small forest area in the Mau complex, the Yala basin also contains significant forest fragments in the mid-altitude area (Kakamega and South Nandi forests) (see Bleher et al. 2006 ).
The Nyando and Yala rivers contribute different loads of sediment and nutrients into Lake Victoria. Research by the World Agroforestry Centre shows that between 2000 and 2002, turbidity levels were 2-3 times higher in the Nyando than in the Yala (World Agroforestry Centre 2006, p. 13). While the Nyando basin occupies a very small percentage of the overall Lake Victoria basin, it makes a substantial contribution to sediment and nutrient loading of the lake.
Land degradation is widespread in both the Nyando and Yala basins, with severe gully erosion in the lower Nyando basin being the most visible sign of land degradation. A study of land degradation in the Nyando basin using the Cesium137 method estimated that 61.1 percent of the Nyando basin has experienced significant levels of erosion, with an average erosion loss of 43.5 tonnes per hectare (World Agroforestry Centre, 2006, pp. 14-15). Soil erosion and sedimentation have become increasingly severe over the last 60-100 years with increasing land conversion and farmland degradation. A radionuclide analysis of sediment cores extracted from the Winam Gulf at the mouth of the Nyando River shows that sedimentation rates have increased by three to four times over the last 100 years, with spikes in sedimentation occurring in association with years of particularly high rainfall (World Agroforestry Centre 2006, pp. 14-16). A study in the Yala basin by Awiti et al (2007) shows continual decline in land productivity and soil condition in agricultural lands around the Kakamega Forest over the 60 years since conversion from forest.
A GIS analysis of the 1999 population census data indicates that the Nyando basin had a population of about 656,000 people in 1999, for a population density of 183 persons per square kilometer, while the Yala basin had a population of about 1,079,000 people, for a population density of about 351 persons per square kilometre. Population density in the Yala varies from about 100 persons per square kilometre near Lake Victoria to 1200 persons per square kilometre in the mid-altitude areas of Vihiga District. Population density in the Nyando basin varies from about 50 persons per square kilometre in the mid-altitude area (sugar belt) to about 500 people per square kilometre in upper parts of the basin adjacent to Kericho town. Absolute poverty rates (also measured for 1999) are high and variable in both basins, with rates being highest in the lower Yala and in parts of the lower Nyando (over 65%) and lowest in upper parts of both basin (35-45%) (World Resources Institute et al. 2007, p. 17) . The main agricultural activity is smallholder rainfed mixed farming. The Nyando basin also has a small amount of irrigated agriculture in the lower areas, large-scale commercial sugarcane in the mid-altitude areas, and both smallholder and large-scale tea production in the upper parts of the basin (World Agroforestry Centre 2006).
Ecosystem services and trade-off assessment
The conceptual framework for the Millennium Ecosystem Assessment (MA) posits that people are integral parts of ecosystems and that a dynamic relation exists between people and other components of ecosystems. Changes in human condition drive changes in ecosystems and subsequent changes in human well-being. At the same time, social, economic, and cultural factors external to ecosystems alter the human condition, and several natural forces also influence ecosystems. While the MA emphasizes the linkages between ecosystems and human well-being, it recognizes that human behaviour toward ecosystems is determined not just b y concerns about human well-being but also attitudes regarding the intrinsic value of species and ecosystems (Millennium Ecosystem Assessment 2005).
The global-level assessment of the MA reached four general conclusions. First, over the past 50 years humans have changed ecosystems more rapidly and extensively than in any comparable period in human history. Growing demands for food, fresh water, timber, fibre, and fuel have driven substantial and largely irreversible losses in the diversity of life on Earth. Second, changes in ecosystems have contributed to substantial net gains in human well-being and economic development, but at the cost of degradation of many ecosystem services, increased risks of non-reversible changes, and exacerbation of poverty for some groups of people. Third, degradation of ecosystem services could grow significantly worse during the first half of the 21st century and is a barrier to achieving the Millennium Development Goals (MDG). Finally, the challenge of reversing the degradation of ecosystems while meeting increasing demands for their services can be partially achieved under some scenarios, but would require significant changes in policies, institutions, and practices (Millennium Ecosystem Assessment 2005).
Tradeoffs between ecosystem services arise from management choices made by humans, which can change the type, magnitude and relative mix of services provided by the ecosystem. Tradeoffs occur when the provision of one ecosystem service is reduced as a consequence of increased use of another ecosystem service. In some cases, tradeoffs may be an explicit choice; in others, trade-offs arise without premeditation or even awareness that they are taking place. Rodríguez et al. (2006) propose that ecosystem service tradeoffs should be classified in three ways: across space, across time, and according to their reversibility.
Assessment of ecosystem tradeoffs can be done at different scales using different methods and tools. Separately, the tools of ecology and economics have advanced much faster than the integrated methods necessary for real descriptive and predictive power. Further development of combined models of ecosystems and economic activities is needed to better inform decision-making and environmental policy development (Boyd and Banzhaf 2005) . This paper integrates outputs from geographic, hydrological and economic analysis to assess temporal and spatial tradeoffs in the Nyando and Yala basins.
Methods and data
The empirical approach adopted in this study roughly follows the approach taken in the Southern African Sub-Global Assessment (SAfMA) (see Van Jaarsveld et al. 2005 ). The current assessment focuses on two core groups of ecosystem services: provisioning services generated through agricultural production, and regulating and support services mediated by water. Further research in the two basins will put greater emphasis on cultural services mediated by biodiversity and human health as an indicator of human well-being.
This study was conducted at three spatial scales, considering both hydrologic response units and administrative units. The smallest spatial unit is the sub-basin that is defined by the natural hydrologic boundary based on a land unit with a single water one outlet.
The intermediate unit is the division, the smallest administrative area at which agricultural production is reported in Kenya. The larger spatial unit is the river basin.
One of the challenges for the study was the re-definition of production data into the boundaries of hydrologic units. Data from aerial photographs were used to spread agricultural production across the landscape and these data were aggregated to both the division and sub-basin levels.
Hydrologic modelling of regulating and support services
Soil erosion rates were simulated using a GIS-based version of the Soil and Water Assessment Tool (SWAT). SWAT is a physically-based, continuous-time and distributed-parameter model designed to simulate the impact of management practices on water, sediment and agricultural chemical yield in large and complex watersheds (Jha et al. 2004 , Spruill et al. 2000 . The model was used to simulate temporal and spatial water relations in the two river basins. Sediment yield and water yield were the main indicators of hydrologic impact. Higher levels of sediment yield are an indicator of declines in regulatory services (esp. flood mitigation) and supporting services (eg. soil formation, primary productivity). Higher levels of water yield are an indicator of higher levels of provisioning services (freshwater), but an indicator of lower levels of regulatory services (esp. water flow regulation). The SWAT model has previously been used to study the effects of proposed water reservoirs on flood risk in the lower Nyando basin (Sang et al. 2007 ), but had not been previously applied in the Yala basin.
SWAT requires information on land use, topography, soils and climate. Topographic data were obtained from a Digital Elevation Model (DEM) generated from digitized 50 meter-resolution topographical maps provided by Survey of Kenya. Land use maps for the two basins were generated from 2003 Aster satellite images (see Figures 2 and 3 The sediment yield estimates generated by SWAT are based on the universal soil loss equation which contains elements related to topography (LS --calculated from the Digital Elevation Model), soil properties (K --from the soils maps), rainfall (R --from rainfall records), the crop factor (C --from the land use map), and management practices (P). P factors were generated from a review of the available literature and reported in 
Quantification and valuation of agricultural production
Agricultural production data were collected for two time periods, 1999 and 2005. The year 1999 was chosen because it was the first year of significant research investment by the World Agroforestry Centre and extra development effort by the Ministry of Agriculture in the Nyando basin. The year 2005 was chosen because it was the most recent year of complete data at the time that the study was undertaken. Agricultural production data were only available for government administrative units, with divisions being the smallest administrative units at which data are recorded in Kenya. Data were collected on total production, area under production, yield, and prices paid by buyers to farmers. A questionnaire was used to collect data from government officers, tea and sugar cane factories, and agricultural purchasing centres, with the questionnaire administered in person by one of the authors with long experience working in the agricultural sector in the study area. Unpublished annual reports of division-level agricultural offices were a key source of information. Once compiled and displayed, the agricultural data were cross-checked through a workshop with about 40 experts and stakeholders in agricultural development in the region. For the most part, participants in the workshop verified some of the large changes in production that were noted, helping to improve interpretation of those results. A minority of the yield estimates emanating from the agricultural survey (for tea and sugarcane) proved to be unreliable, necessitating alternative estimation methods. The survey collected data only on the major agricultural crops in each basin. In the Nyando basin, this included maize, sorghum, sugar cane, tea, beans, and coffee. In the Yala basin, this included maize, sorghum, millet, sugar cane, tea, tomatoes, and cabbages. Unfortunately, comparative data on revenue from fruit trees, timber trees, or livestock were not available. 
Spatial data on agricultural production
Data on the spatial distribution and intensity of different enterprises were generated from sets of aerial photographs available for the years 1991, 1997 and 2006. These aerial photographs at a grid level of 5km by 2.5km were obtained and interpreted by the Kenya Department of Resource Surveys and Remote Sensing. Data from the photographs characterized the prevalence of a variety of land use types and included all of the crops included in the survey of agricultural production. These data were used for calculating the area of different agricultural systems in the divisions and hydrologic sub-basins. These data provided wall-to-wall coverage of the two basins, excluding small areas at the boundaries on the edges of the basin (especially the forested upper catchment areas).
The aerial photography data provided estimates of the percentage cover of the different agricultural systems for each of the 5km x 2.5km rectangular areas (scenes) covered by individual photos. GIS software (ArcView) was used to overlay the geographic coordinates of the scenes with the boundaries of the administrative divisions, with 4-10 scenes covering each division. For divisions on the boundaries of the river basins, only the part of the division located in the basin was included in the analysis. Data from the compiled scenes was then used to estimate the area of the different production systems in each division. The area estimates were multiplied by division-level yield estimates to generate production estimates, and production was multiplied by the division-level prices to generate estimates of revenue for each crop. Revenue for each crop was summed to produce an estimate of total revenue per division and per hectare per division.
To generate estimates of revenue per crop per sub-basin, GIS analysis was used to overlay the boundaries of the sub-basins (from the SWAT modelling) on the boundaries of the divisions. Sub-basins generally included parts of 2-4 divisions. The revenue associated with each crop per sub-basin was calculated as a weighted average of the revenue estimates for the relevant divisions, with the weights determined by the proportion of the division located in the sub-basin. One of the challenges this study faced was that agricultural production data and production intensity data were available for slightly different years. The aerial photography data for 1997 was therefore used to estimate production intensity in 1999, while the aerial photography data for 2006 was used to estimate production intensity in 2005.
2.4
Tradeoff Analyses Temporal assessment of tradeoffs was generated three ways. First, an analysis of land use change was conducted on the basis of the interpreted aerial photography data from 1991, 1997 and 2006. Second, the disaggregated data on agricultural production for 1999 and 2005 were compared to identify overall and site-specific trends in yield, area and production. Third, the validated SWAT model was used to simulate annual sediment yields for the 20-year period between 1986 and 2006.
Spatial depiction of overall tradeoffs between hydrologic services and agricultural production for the year 2005 was generated through a spatial overlay of results on sediment yields and value of agricultural production at the sub-basin level. The sediment yield of each basin was expressed in terms of average sediment yield per hectare, the median sediment yield identified, and sub-basins characterized as having above-median or below-median sediment yield. Similarly, the agricultural production in each sub-basin was expressed in terms of value of production per hectare, and sub-basins characterized as having above median production or below median production. The results were then overlaid and sub-basins grouped into those with high sediment yield / high production, low sediment yield / high production, high sediment yield / low production, and low sediment yield / low production. The extent to which high production is associated with high sediment yield is taken to be an indicator of tradeoffs between provisioning and regulating services. Tables 1 and 2 Overall, the area of natural vegetation decreased from 65 to 56 percent over the 15-year period, for an average decrease of 0.6% per year. The areas in both crop agriculture and tree production systems increased over these periods. While maize increased most in terms of area of increase (a net increase of 2.4% of the basin in maize), the percentage increases were greatest for rice, sorghum and vegetables. The total area covered by tree crops (4.64%) was constant between 1997 and 2006, with increases in area devoted to tea and fruit roughly matched by a decrease in the area of woodlots and hedges. Overall, the land use data for Nyando indicate tradeoffs between forests and maize, and between irrigated crops and intact wetlands. The results for crop agriculture in the Nyando basin show an increase in the already high percentage of agricultural land devoted to maize (88.8% in 1991 to 90.0% in 1997 to 92.9% in 2006), a considerable reduction in the area devoted to a range of minor cereal and cash crops (eg millet, pyrethrum, potatoes, cassava, napier grass, wheat), and an increase in higher-value crops requiring irrigation (rice, vegetables). and a similarly large decrease from 1997 to 2006. Overall, the data for Yala suggest relatively little net change in the area of natural vegetation, a large drop in the area in sugar cane production and small drop in the area in maize, but a large increase in the area of tea. The spatial tradeoffs seem to be among provisioning services rather than between provisioning and regulating services. 
Results

Land use and land use change
Calibration and validation of the hydrologic model
Calibration of the water yield predictions of the SWAT model was done using streamflow data for the period 1982 to 1987, while calibration was done using streamflow data for the period 1988 to 1990. Data were available for three river gauging One explanation of the low predictive power of the sediment yield estimates generated by the SWAT model is that there are considerable time lags erosion and sediment movement along the river system into Lake Victoria. Another explanation is that the SWAT model does not address gully erosion while parts of the lower Nyando basin are characterized by severe gully erosion. The difference between the lower predictions of the SWAT model and the higher estimate from the Lead 210 chronology could be largely attributed to the amount of gully erosion. 
Spatial and temporal analysis of water and sediment yields
The spatial representation of the simulated mean water yield and erosion rates for the River Nyando and Yala are shown in Figures 6 and 7. Water yield is highest in the midaltitude parts of the Yala basin, an adjacent area in the upper Nyando basin, and in the upper part of the Nyando on the southern side of the Nyando basin. Water yield is affected by the amount of rainfall, surface cover, topography and groundwater recharge.
Sediment yield in the Nyando is predicted to be highest in the areas of highest water yield and in the mid-altitude areas that are characterized by high rainfall, annual crops, and sloping topography. The forested areas in the upper parts of both basins have lower rates of water yield and sediment yield.
The lower Yala and lower Nyando are predicted to be areas of lower water yield and lower sediment yield. It is likely, however that SWAT under-estimates sediment yield in those areas, particularly in the lower Nyando. The alluvial soils found in parts of the lower Nyando are known to be particularly prone to severe gully erosion. Again, recall that the SWAT does not consider gully erosion. The SWAT model was also used to evaluate changes in sediment yield over time for the Yala and Nyando basins. Figures 8a and 8b illustrate the model predictions of annual sediment yield for the Nyando and Yala basins, respectively, for each year from 1986 to 2004. Year-to-year differences in sediment yield result from the different climatic conditions that prevailed. The results suggest annual erosion losses of between 1-3 million tonnes per year in the Nyando, and between 2-3 million tonnes per year in the Yala. If climate change results in greater variation in inter-annual and intra-annual rainfall, we should expect greater variation in erosion losses and sedimentation rates. 
Trends and tradeoffs in agricultural production
As explained above, this study uses the monetary value of agricultural production as an indicator of provisioning ecosystem services. As discussed in the methods and data section of the paper, this study produced estimates of the quantities and values of major agricultural crops in each administrative division, and in each sub- The results show increases in production (ratios between 1 and 1.6) in the lower Nyando area (although value of agricultural production is still low in absolute terms), in part of the sugarcane belt area, and especially in the highest altitude areas around Kipkelion, Londiani and Malaget. Results on the value of agricultural production for the Yala basin are presented in Figures  10a, 10b and 10c . The results presented in Figures 10a and 10b show that the value of agricultural production increases with altitude from the lake shore area to the highest altitude parts of the basin near the town of Kapsabet. Results presented in Figures 10c on the ratio of value of production in 2005 to 1999 indicate that the value of production generally declined between 1999 and 2005 in the lower and mid-altitude parts of the basin, while it increased in the highest parts of the basin. The areas around Kapsabet and Kasirai had increases in production per hectare of up to 60% in 2005 real terms. 
Analysis of tradeoffs between value of production and sediment yield
The final result presented in this paper is the apparent spatial tradeoff between value of production and sediment yield. For each sub-basin in the two river basins, we considered the apparent tradeoff or complementarity between the value of agricultural production in 2005 and the predicted sediment yield for 2005. We present those results in two ways.
First, we considered the statistical relationship, estimating a simple linear regression between them for each basin. Second, we calculated the median sediment yield and median value of production per hectare and characterized each sub-basin as having higher or lower than average sediment yield, and higher or lower than average value of production per hectare. Each sub-basin was thus identified as belonging to one of five categories: 1) low revenue and low sediment yield (shown in red); 2) low revenue and high sediment yield (shown in brown); 3) high revenue and low sediment yield (shown in dark green); or 4) high revenue and high sediment yield (shown in bright green).
Results of a linear regression analysis (not shown) show no significant relationship between sediment yield and value of agricultural production in either basin. Figures 11a  and 11b display the results of the overlay of revenue and sediment yield. In Nyando, most of the sub-basins with high revenue are located in the upper part of the basin, with a roughly equal number characterized as having higher than average sediment yield. The rice irrigation area in the lower part of the basin stands out as the lowland area with high production and low sediment yield. The Yala basin has a more distinct geographic pattern, with the lowest part of the basin having low revenue and low sediment yield, the mid-altitude area having low revenue and high sediment yield, and the upper part of the basin having a high revenue and a mixture of high and low sediment yields. Again, there is no simple tradeoff between gains in agricultural production and losses of regulatory services. 
Conclusions
The concepts and empirical analysis of ecosystem services generated very rich insights into the spatial and temporal patterns of human -environmental interactions in the Nyando and Yala basins in the Western Kenya. Conceptually, the application of the ecosystem services concepts was relatively straightforward: value of agricultural production for the important crops was taken to be an aggregate indicator of provisioning services, sediment yield and loss of natural vegetation were taken to be aggregate indicators of loss of regulating services. Application of the empirical approach to assess these indicators in the case study area demanded both analytical skills and data. Geographic information systems, spatiallyexplicit hydrological modelling, economic analysis and statistical analysis were used by the authors in an iterative manner. Multiple data sources were used including: satellite imagery, soils maps, digital elevation models and stream network information from digitized topographic sheets, climate and streamflow data from multiple sources, interpreted wall-to-wall aerial photographs taken at three time periods, and agricultural production and economic data from two time periods. A team approach was essential, with the analysis done in iterations and with review by external experts.
But the results are well worth the effort. The land use change study, based on interpretation of wall-to-wall aerial photographs, shows the dynamic nature of land use in the two basins over the last 15 years. The Nyando basin was particularly subject to tradeoffs between loss of forests and wetlands and increases in the area of maize production in the uplands and rice and vegetable production in river and lowland areas.
Losses of upland forests in both basins have been matched with increases in maize production. The Nyando basin has become even more dependent on maize over the last 15 years, with accompanying drops in a large number of minor crops such as millet, pyrethrum, potatoes and wheat. There have been expansions in the farm area devoted to vegetables, rice and sorghum. There has been a particularly large percentage increase in the area of sorghum in the lower Nyando basin, perhaps because it is regarded as being a hardy food crop that is suitable for labour-constrained families affected by HIV / AIDS.
Tree crops are very important in both basins, with expansions in tea and mangoes, and contractions in coffee. The area of woodlots and hedgerows appears to be relatively stable. Tea has become one of the most vibrant sub-sectors of the Kenyan economy, with Kenya becoming one of the world's largest producers. Tea also produces relatively high revenue for farmers. Coffee, on the other hand, produces very little revenue per hectare and has been largely removed from this part of Kenya.
An agricultural sub-sector that bears additional analysis is sugarcane. Sugarcane occupies a large proportion of the mid-altitude areas of the Nyando basin and, accordingly to this study, a variable proportion of land in the Yala basin. Yet the value of production per hectare generated by sugarcane is relatively low and stagnant between 1999 and 2005.
Sugarcane is known to be a crop beset by marketing problems. Can those problems be surmounted to rejuvenate the sector? Should bio-ethanol be given more serious consideration as a possible product of sugarcane? Or should mixed smallholder agriculture be encouraged to replace part of the sugarcane area?
The spatial and temporal analysis of the value of agricultural production shows a very clear relationship between altitude and value of production. In both basins, value of production is lowest in the areas near to Lake Victoria and highest in the mid-to-upper altitude areas that are suitable to mixed smallholder agriculture and tea. In real 2005 financial terms, the value of agricultural production declined in many of the lower to mid altitude parts of both basins (especially in the sugar cane areas), while it increased in the upper altitude areas adjacent to the remaining forests.
The empirical results suggest that tradeoffs between sedimentation loss and agricultural production are relatively complex. There is no evidence of a positive relationship, that sediment loss is a necessary side-effect of high production. Nor is there evidence of a negative relationship, that there are easy win-win opportunities to expand production while conserving soil. Rather, the spatial relationship is mixed --there is a significant number of sub-basins with high production and low sediment yield and an equally large number of sub-basins with low production and high sediment yield. Reducing sediment yield may therefore be more a matter of general farm management than crop choice.
The information on the trends and trade-offs among ecosystem services is proving to have multiple values for planning and policy. Earlier versions of these results have already been shared with local and district-level officials responsible for planning, agriculture, environment and water. All expressed keen interest in the results and identified ways to use the results in their own work. The results have also been shared with private-sector officials and non-governmental organizations active in the basins who also will use the results for a variety of purposes. While these stakeholders are interested in the overall spatial and temporal patterns, they are somewhat more interested in understanding and interpreting the details, particularly the factors that might explain the marked differences in value of production from year-to-year, crop-to-crop, division-todivision or sub-basin to sub-basin. Their insights suggest that these differences are due to a combination of factors, with irrigation and maize-buying policies perhaps having greatest influence. This calls for a spatially-explicit analysis of policy.
